Objective: The influence of moderate alcohol consumption on renal function is not clear in elderly people. The aim of the present study was to investigate the relationship between alcohol consumption and renal function, expressed as serum creatinine levels and glomerular filtration rates (GFR), in an elderly population. Design: Perspective cohort study. Setting: Population-based study on an elderly Italian population. Subjects: A sample of 3404 Italian people (1619 women and 1785 men), aged 65-84 years, from the Italian Longitudinal Study on Aging (ILSA). Results: Prevalence and cumulative risk of impaired renal function (defined as GFR # 60 ml/min) were estimated by sex and alcohol consumption groups. Logistic regression analysis adjusting for confounders (age, education, smoking, BMI and medications) and intermediate factors (blood cholesterol and fibrinogen, systolic hypertension and diabetes) showed that alcohol consumption level was not significantly related to the prevalence of mild renal impairment in elderly women. In men, both prevalence and incidence results seemed to suggest an inverse linear relationship between moderate alcohol consumption and the risk of mild renal impairment. A U-shaped association was shown for women at the incidence phase, suggesting a higher risk of developing renal impairment for women who drink more than 24 g alcohol/d. Conclusions: Our results suggest that, in accordance with the recommendations on alcohol consumption in the elderly, moderate quantities of alcohol are not injurious to renal function in elderly men.
The literature evidence indicates that moderate alcohol consumption is associated with a lower risk level for a number of cardiovascular risk factors such as lipoprotein, glucose metabolism, haemostatic and inflammatory markers in the elderly (1) . Accordingly, a J-shaped relationship between alcohol consumption and risk for CHD morbidity and mortality is broadly reported in elderly persons (2) . Several prevalence and longitudinal studies have shown that the well-known age-dependent renal decline is strongly associated with cardiovascular risk factors in the elderly (3) , but to date the relationship between alcohol consumption and renal function is still unclear.
The abuse of alcohol is known to be associated with renal alterations, including tubular dysfunction, acute tubular necrosis and IgA nephropathy (4) . However, scarce evidence has been provided on a role of moderate alcohol consumption on kidney function in adults. A recent study on 65 601 middle-aged Chinese men suggested an inverse relationship between alcohol consumption and the risk of end-stage renal disease (5) .
In another large prospective cohort study, Schaeffner et al. reported an inverse relationship between alcohol consumption and the risk of renal dysfunction in apparently healthy men (6) . A prospective observational study on nurses found no significant association between alcohol consumption and the onset of renal dysfunction (7) in women. In addition, in the second National Health and Nutrition Examination Survey, alcohol was unrelated to any presence of chronic kidney disease in 9082 adults (8) . On the other hand, in a casecontrol study Perneger et al. (9) found that consumption of two alcoholic drinks daily corresponded to a fourfold increase in the risk of end-stage renal disease, whereas a case-control study by Vuppituri and Sandler (10) identified no increased risk of chronic kidney disease among regular alcohol consumers. While the association between alcohol consumption and renal function in adult populations is still under debate, information on elderly populations is lacking (11) . The aim of the present longitudinal study was to investigate the association between alcohol consumption and prevalence and incidence of renal function impairment in an elderly population. The study considered a representative sample of an elderly Italian population, for whom alcoholic beverages are traditionally part of the diet.
Methods

Study sample
Our sample population was drawn from the Italian Longitudinal Study on Aging (ILSA) cohort. The ILSA is a population-based longitudinal study on the health of Italians aged 65-84 years. The main aims of ILSA were to study the prevalence and incidence rates of common chronic conditions (IHD, hypertension, congestive heart failure, arrhythmia, intermittent claudication, type 2 diabetes mellitus, impaired glucose tolerance, thyroid dysfunction, dementia, parkinsonism, stroke and peripheral neuropathy), to assess physical and mental functional status in the older population, and to identify their risk factors and protective factors. A random sample of 5632 individuals was identified using the demographic lists at the registry offices of eight Italian municipalities from a total target population of 44 737 individuals. The full design of the ILSA has been published elsewhere (12) . In brief, the study included prevalence and incidence surveys. The first survey started in March 1992 and the second in September 1995, with a mean follow-up of 3?5 years. Each survey consisted of two phases: a screening phase for all participants, which included a personal interview, a physical examination, and laboratory and diagnostic tests; and a second phase for participants who tested positive for one or more diseases, who underwent a clinical assessment by board-certified physicians (geriatricians or neurologists) and a review of their medical records. Informed consent was given according to institutional guidelines. All of the study phases were conducted in accordance with the Declaration of Helsinki.
At baseline, 5462 participants (2728 women and 2734 men) were eligible for the ILSA. The present study excluded from the analysis all those lacking baseline information on alcohol consumption (n 968) and those whose ratio of aspartate aminotransferase (AST) to alanine aminotransferase (ALT) was higher than 2?0 when they also showed AST . 45 U/l and/or ALT . 55 U/l (n 10), to exclude those suspected to be alcohol abusers.
Among the remainder (n 4484), 1080 participants who had no serum creatinine data at baseline were also ruled out. In the end, 3404 participants (1619 women and 1785 men) were analysed at the prevalence phase, while 1539 (653 women and 886 men) whose serum creatinine was assessed at the baseline and at follow-up visits were included in the longitudinal analysis. Details on attrition numbers by gender are given in Figs 1 and 2 . A preliminary descriptive analysis (data not shown) showed for both women and men that participants included in the analysis of prevalence data were significantly younger, with lower education, lower prevalence of dementia and higher prevalence of arrhythmia and hypertension than participants who were not included. Among participants included in the analysis, the proportion of abstainers was significantly lower. Differences due to attrition were found also at the incidence phase because the participants included were significantly younger, with lower blood fibrinogen levels and less affected by diabetes and dementia.
Study variables and definitions
Questionnaire
The questionnaire used to collect information included questions on age and education; lifetime hospital admissions; current use of medications (including antihypertensive medications (i.e. diuretics, b-blockers, angiotensin-converting enzyme inhibitors or calcium antagonists), non-steroidal anti-inflammatory drugs and cardiac drugs (i.e. diuretics, nitrates, antiarrhythmic drugs and cardiac glycosides)); and food consumption (daily or weekly frequency of consumption of the main categories of foods).
To collect information on drinking habits, the participants were asked: 'Do/Did you drink wine regularly (nearly every day)?', 'Do/Did you drink beer regularly (nearly every day)?' and 'Do/Did you drink spirits/appetizers/laced coffee?' The history of alcohol consumption was assessed by asking people to list the periods of their life with different levels of consumption (questions on amounts based on a standard 125 ml glass for wine and beer, and number of shots for spirits, and on the periods of consumption from agey to agey.). Abstainers were identified as those answering 'no' to the questions above and reporting that their current and past consumption was null. Drinkers were identified as those answering 'yes' to at least one of the above questions, and were classified as former and current drinkers. Former drinkers were those no longer drinking alcoholic beverages at the time of the survey. Current drinkers were considered as those who reported alcohol consumption at the time of the interview, and current consumption was the amount reported at the time of the interview. Alcohol intake was assessed in terms of glasses of wine or beer per day and number of shots of spirit per day, month or year. A trained interviewer converted the amount of each beverage into ml/d using a standard measure of 125 ml per glass of wine and beer, while one shot of spirit corresponded to 40 ml.
Total individual alcohol consumption (g/d) was calculated by multiplying the amount of beverage (ml/d) consumed by the amount of alcohol contained in each beverage (g/ml), as recommended by the Italian National Institute of Nutrition (13) , and summing each amount. To be precise, we assumed that wine has an alcohol content of 9?4 g/100 ml, beer 3?6 g/100 ml and spirits 28?8 g/100 ml. For the men, the total daily alcohol intake was classified into six alcohol consumption brackets: lifelong abstainers, former drinkers, drinkers of #12 g alcohol/d, 13-24 g alcohol/d, 25-47 g alcohol/d and $48 g alcohol/d. For the women, the last two categories were pooled (.24 g/alcohol d).
Smoking habit was also considered, i.e. the mean number of cigarettes smoked daily. Those who had never smoked were classified as never smokers and those who smoked .5 cigarettes/d were classified as smokers, either current smokers or former smokers (those who had given up smoking at least 5 years before the baseline investigation).
Blood sampling, blood pressure and anthropometric measurements Venous blood samples were drawn from each individual after an overnight fast. The blood tests and measurement methods are described elsewhere (12) . Briefly, serum Total eligible (n 2185)
Without blood creatinine information at prevalence phase (n 566): missing (n 46) refused (n 463) died (n 37) moved (n 5) untraceable (n 4) other (n 11)
Participants with GFR>60 ml/min (n 1112)
Prevalence cases with GFR≤60 ml/min (n 507)
With complete information at incidence phase (n 653)
Without complete information at incidence phase (n 459): missing (n 139) refused (n 210) died (n 85) moved (n 15) untraceable (n 4) other (n 6)
Participants with GFR>60 ml/min (n 530)
Incidence cases with GFR≤60 ml/min (n 123)
With complete information for blood creatinine at baseline (n 1619)
No information on alcohol consumption (n 537) AST:ALT ratio>2 (n 6) Women (n 2728) (14) . This formula is the preferred method of estimation in elderly people (15) . No adjustment for race was considered because all our patients were white. All GFR values were expressed as ml/min per 1?73 m 2 body surface area. A reduced GFR was defined as 60 ml/min or less.
Systolic and diastolic blood pressure values were obtained by averaging the measures taken during the interview, the physical examination and the clinical examination. In data analysis, isolated systolic hypertension was defined as systolic pressure .160 mmHg and diastolic pressure ,90 mmHg.
Height and weight were measured with people barefoot and lightly dressed, from which BMI was calculated.
Statistical analysis
All statistical analyses were stratified by gender. To generalize the ILSA sample to the Italian population and to Total eligible (n 2299)
Without blood creatinine information at prevalence phase (n 514): missing (n 36) refused (n 392) died (n 61) moved (n 2) untraceable (n 2) other (n 21)
Participants with GFR>60 ml/min (n 1430)
Prevalence cases with GFR≤60 ml/min (n 355)
With complete information at incidence phase (n 886)
Without complete information at incidence phase (n 544): missing (n 161) refused (n 201) died (n 156) moved (n 9) untraceable (n 9) other (n 8)
Participants with GFR>60 ml/min (n 795)
Incidence cases with GFR≤60 ml/min (n 91)
With complete information for blood creatinine at baseline (n 1785)
No information on alcohol consumption (n 431) AST:ALT ratio>2 (n 4) Men (n 2734) take into account the design effect, a set of weights was defined and applied according to the age distribution of the Italian reference population and the sample fraction. The general characteristics of the participants at baseline were compared by alcohol consumption level. The parametric or non-parametric approach was used, as applicable, for the ANOVA to compare mean values. Distributions of categorical variables (education, smoking habit, diseases) were compared with the x 2 test. The percentage change in serum creatinine compared with the baseline value was calculated as [(follow-up -baseline value)/baseline value] 3 100.
Multiple adjusted least-square means of serum creatinine levels and percentage changes in serum creatinine levels, and the standard error, were calculated using ANOVA within alcohol consumption groups. The adjusting variables were age, BMI, smoking habit, history of hypertension and diabetes at baseline.
The prevalence of low GFR (#60 ml/min) at baseline was calculated with 95 % CI. Logistic regression analysis was used to estimate OR and 95 % CI for the presence of low GFR, using the alcohol consumption classes as independent variable. Data from the literature suggest there are many factors, potential confounders or intermediates, of alcohol consumption on renal impairment. Age, education, smoking, protein intake and antihypertensive and lipid-lowering drugs were considered confounders, because these factors are involved in renal impairment and in our data are associated with alcohol consumption. As for protein intake, we used BMI as a surrogate of protein metabolic charge. Meanwhile, as alcohol consumption is thought to act potentially on blood cholesterol and fibrinogen, systolic hypertension and diabetes, all of these variables were qconsidered intermediate factors of alcohol action. Based on this, we performed three logistic regression models to assess confounding and to investigate mediation. The first logistic regression model was unadjusted (model 1); model 2 produced OR adjusting for potential confounding variables; and model 3 included potential confounders also adjusting for potential intermediates of alcohol action.
The linear trend of the OR was assessed by treating alcohol consumption as a ranked variable in the logistic models. A quadratic term for alcohol consumption was entered in the models to evaluate if the association was U-shaped. Analysis of trend was performed excluding former drinkers.
The analysis of incident worsening in renal function included only those participants with GFR . 60 ml/min at baseline. The cumulative incidence of low GFR at the follow-up in 1995 was calculated with the related 95 % CI. We compared the risk of low GFR in different alcohol consumption groups, taking abstainers as the reference. To adjust for confounders and intermediates, the three logistic models previously applied were used to estimate adjusted OR for incidence data. Corrected risk ratios (RR) were approximated from OR (16) .
To explore the effect of plausible competing risks on the relationships between alcohol consumption and renal function, as suggested by the preliminary analysis on participants who were excluded, a sensitivity analysis was performed by applying the previously described models only on participants free from main chronic disease at baseline (heart failure, myocardial infarction, hypertension, stroke, diabetes).
In all analyses, the threshold for significance was set at two-tailed 0?05. Statistical analyses were performed with the SAS statistical software package version 9?1 (SAS Institute, Cary, NC, USA).
Results
In our sample of 1619 elderly women, 477 were lifelong abstainers, 358 former drinkers and 784 were current drinkers. The female drinkers had a mean (SD) alcohol consumption of 16 More detailed results on alcohol consumption in the ILSA can be found in the report by Scafato et al. (17) . Tables 1 and 2 compare the characteristics of the sample population by drinking category. Among the women, blood fibrinogen (P 5 0?0002) and the prevalence of diabetes (P , 0?0001) were significantly and inversely associated with alcohol intake, while smoking habit (P 5 0?0002) and serum albumin (P 5 0?0001) were directly and significantly associated with alcohol consumption (Table 1) . Among the men, formal education, blood fibrinogen and serum creatinine were significantly and inversely associated with alcohol intake at baseline (P , 0?0001, P 5 0?005 and P 5 0?005, respectively), while smoking habit (P 5 0?003), HDL-C (P 5 0?005), LDL-C (P 5 0?001) and systolic blood pressure (P 5 0?0008) were directly and significantly associated with alcohol consumption (Table 2) . Figure 3 shows the adjusted mean serum creatinine levels at baseline by gender and alcohol intake level. The analysis considered only the 1539 subjects for whom sufficient information was obtained in the incidence phase. The difference between alcohol intake groups was statistically significant only for the men (P 5 0?02), with lower mean serum creatinine levels among higher drinking categories. Figure 4 shows the adjusted mean serum creatinine levels at follow-up by gender and alcohol intake level. The difference between alcohol intake groups was again statistically significant only for the men (P 5 0?04), lower mean serum creatinine levels coinciding with the heavier drinkers. Table 3 shows the prevalence of reduced renal function (GFR # 60 ml/min) at baseline and the results of the adjusted logistic regression models evaluating the association between low GFR and different alcohol consumption groups by comparison with abstainers. Despite the figures, alcohol consumption did not seem to correlate significantly with the prevalence of low GFR in the elderly women and no linear or quadratic terms were statistically significant in any logistic model. For the elderly men, a significant decreasing linear trend (P 5 0?05) was shown in the risk of low GFR at baseline with alcohol categories in model 2, and after adjusting for both confounders and intermediates in model 3 the significance was marginal (P 5 0?08). Table 4 gives the adjusted RR for low GFR by comparison with abstainers in the incidence phase by alcohol consumption level. For women the risk of low GFR was not statistically associated with alcohol consumption level. The linear trend was never statistically significant, but in model 2 the quadratic term was marginally significant (P 5 0?06). In men, adjusted RR for drinking categories were all lower than 1, even though statistical significance was reached only for former drinkers (RR 50?18, 95 % CI 0?04, 0?85). The linearity of trend showed marginal significance only in model 2 (P 5 0?06).
The additional results provided by the sensitivity analyses only including participants free from chronic diseases at baseline (data not shown) supported the linearity of relationships between alcohol consumption and prevalent renal dysfunction in both genders (model 3: P for linear trend 5 0?006 and 0?07 for women and men, respectively), while a U-shaped relationship with incidence of renal impairment was confirmed only in women (model 3: P for quadratic term 5 0?05).
Discussion
The present study investigated the relationship between moderate alcohol consumption and age-related loss of renal function. Only in men did both prevalence and incidence results seem to suggest an inverse linear relationship between moderate alcohol consumption and the risk of age-related loss of renal function. The results suggest that alcohol might not exert a harmful effect on kidney function in elderly men. In contrast a U-shaped association was shown for women at the incidence phase, suggesting a higher risk of developing renal impairment in elderly women who drink more than 24 g alcohol/d. The kidneys of elderly people show morphological and haemodynamic alterations that determine a progressive age-associated decline in renal function. On the other hand, several studies have shown that the age-related loss of kidney function is more pronounced in older patients in whom cardiovascular and other risk factors coexist, suggesting a strong relationship between worsening kidney function and hypertension, diabetes mellitus, hyperlipidaemia and smoking, as well as non-traditional cardiovascular risk factors including inflammation and endothelial dysfunction (3, 18) . The latter factors are also involved in kidney atherosclerotic development, responsible for a so-called ischaemic nephropathy, which is associated with progressive renal fibrosis and therefore with worsening renal function. Actually, the present study confirmed the prognostic role on worsening of renal function of factors such as use of diuretics, smoking and high fibrinogen levels (data not shown), as suggested previously (19) . The mechanisms which link alcohol consumption to kidney function can draw on the mechanisms advanced to explain the effects of alcohol consumption on cardiovascular diseases and risk factors (19) . Recent experimental and human observations indicate that some other components of alcoholic beverages might have beneficial effects on kidney function by influencing oxidative stress, endothelial dysfunction and apoptotic mechanisms which play a role in many diseases, including atherosclerosis and several nephropathies (20) . In addition, it was shown that alcohol consumption increases paraoxonase activity (21) and the latter potently inhibits lipoprotein oxidation (22) . It has also been shown that alcohol consumption is associated with healthier blood levels of HDL-C and apo A1. Shaeffner et al. (23) found that men with HDL-C levels ,40 mg/dl had a twofold risk of renal insufficiency after adjusting for other risk factors. Actually our sample Table 3 Prevalence of renal dysfunction (defined as GFR # 60 ml/min) by alcohol consumption category and OR ratios and 95% CI (estimated with weighted data) obtained from logistic regression models. Abstainers are the reference group population mainly consumes wine (more than 85 % of total alcohol intake) and this does not allow us to analyse alcohol separately from other components. As a consequence, our results cannot be enlarged to drinking habits based on different alcoholic beverages. Nevertheless, our results corroborate findings in the literature. Referring to inflammatory markers and renal impairment, it has recently been suggested that chronic hypoxia and inflammation are common mechanisms of progressive renal fibrosis, which is associated with worsening renal function. A leading role in this process is played by plasminogen activator inhibitor-1, which facilitates extracellular matrix accumulation by inhibiting plasmin-dependent extracellular matrix degradation. In their epidemiological study, Mukamal et al. found that adults with moderate alcohol consumption had lower plasminogen activator inhibitor antigen-1 levels than non-drinkers (24) . There are numerous reports of alcohol consumption in adults and older people being associated with lower blood fibrinogen levels (1) and fibrinogen is a component strongly associated with the progressive deterioration of renal function (25) . Another far from negligible effect of alcohol has to do with its influence on insulin sensitivity and the incidence of diabetes. Alcohol consumption is associated with type 2 diabetes in a U-shaped fashion, indicating a lower risk of type 2 diabetes in moderate alcohol consumers than in abstainers or heavy drinkers, and this applies to older women too (26) . On the other hand, alcohol consumption has a harmful effect on systolic and diastolic blood pressure levels, which are risk factors for renal function, as amply demonstrated (27) . Our results nevertheless suggest that the overall direction of association of alcohol leans towards a non-detrimental effect on renal function in elderly men.
Furthermore, in our analysis the adjusted results obtained from the model including known intermediate factors were very similar to those obtained from the model adjusting only for confounders. These results seem to suggest that other mechanisms should be involved in the likely association between alcohol and renal function.
The association of alcohol consumption on renal impairment appeared to differ in women and men. Among women alcohol consumption was related to renal impairment with a U-shaped dose effect, while in men a decreasing linear trend for the risk of renal dysfunction among drinking categories was shown. Actually, our results are in agreement with previous evidence on sexspecific susceptibility to alcohol effects. Men and women differ in their ability to metabolize alcohol, possibly due to gender-related differences in total fluid distribution volume, lean body mass, or activity of the enzymes processing alcohol in the liver (28) . Sex steroids may have a role in cytochrome enzyme expression and in regulating hepatic oxidant stress status (29) . The overall result is a higher susceptibility of women to alcohol action, exposing women to harmful effects also for low doses.
The present study suffers from a number of limitations. First, information about alcohol consumption was selfreported; however, alcohol consumption is very common in Italy (particularly among older people) and so reporting on drinking habits is unlikely to cause embarrassment. Second, no information was obtained on drinking patterns; participants were not asked about the proportions of alcohol they drank with meals or at other times. Third, as wine was by far the most common alcoholic beverage used by our sample, we cannot distinguish between the specific contribution to our findings of alcohol per se and of other components of the alcoholic beverages. Fourth, the FFQ was not validated and it did not allow us to evaluate daily nutrient intake. Fifth, even though the study was population-based and the sample size was remarkable, attrition heavily reduced the sample size of critical groups, in particular women drinking more than 24 g alcohol/d and male abstainers. This caused inadequate power in the statistical analyses and consequently, although the results suggested well-defined trends, statistical significance of the difference was only roughly achieved. Moreover, our results could be affected by risks due to those diseases that could compete with alcohol consumption on health outcomes. In fact, those who drink large amounts of alcohol may die from other causes such as heart failure, diabetes or myocardial infarction. Nevertheless the sensitivity analysis performed only on participants free from chronic diseases at prevalence phase confirmed the results. Finally, as this was an observational study, a causal interpretation of the relationship between the exposure and the outcome is not allowed.
Conclusions
Our results suggest a not harmful association of moderate alcohol consumption on the risk of renal impairment in elderly men. In accordance with the recommendations on alcohol consumption in the elderly and subject to individual characteristics, moderate quantities of alcohol may not have an injurious association on renal function in the elderly and perhaps even a beneficial association for men and for women at very light consumption (less than 24 g/d) only. The mechanisms of alcohol on the cardiovascular system might also be invoked to explain the results on renal function. Nevertheless, in translating the results of the research into general policy on alcohol consumption we cannot forget the proved harmful causal relationship between alcohol and mortality for a high number of diseases directly or indirectly deriving from any consumption, and the adverse effects of alcohol on risk of falling and interactions with medication. Furthermore, special warning is necessary for drinking among women because of their major vulnerability to alcohol effects that, even at light intake, would significantly raise their risk of developing diseases.
